7th International Conference on Biochemistry and Molecular Biology S]_-P-15

Preliminary evaluation of in vitro cytotoxic effect of
non-thermal plasma on fibroblast cells

Waraluk Yarangsee?, Pornsiri Pitchakarn?, Supakit Khacha-ananda*’

Copyright: © 2021 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution (CC BY) license
(http://creativecommons.org/licenses

[by/4.0/).

1 Master’s Degree in Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai
University, Chiang Mai 50200, Thailand; waraluk_ya@cmu.ac.th

2 Graduate Shool, Chiang Mai University, Chiang Mai 50200, Thailand

3 Department of Biochemistry, Faculty of Medicine, Chiang Mai University, Chiang Mai 50200, Thailand;
pornsiri.p@cmu.ac.th

¢ Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai 50200,
Thailand; supakit. kh@cmu.ac.th

* Correspondence: supakit.kh@cmu.ac.th; Tel.: +6689-5537211

Abstract: Non-thermal plasma (NTP) is an ionized gas generated by the ionization between gas

molecules (carrier gas) and an electric field under atmospheric pressure. The various kinds of reac-
tive oxygen/nitrogen species (ROS/RNS) were suddenly generated during gas ionization. An appro-
priate reactive species exerted beneficial effects in medicine, therefore, NTP technology has been
recommended and developed to use in medical treatments. However, the excesses of reactive spe-
cies have been reported to disturb cellular physiology such as cell death, neurodegeneration, and
cancer. Hence, this study aimed to investigate the cytotoxic effect of non-thermal plasma (NTP) on
cell viability and proliferation of murine embryonic fibroblast cell lines (3T3-L1 cells). The MTT and
colony formation assay were performed to demonstrate the cytotoxic and proliferative activity of
NTP-exposed cells. Our result showed that the percentage of the cell viability and colony formation
was significantly decreased after treatment of the cells with all doses of NTP. The highest cytotoxi-
city was observed in the cells which were exposed with NTP at intensity 10 pluses under air flow
rate 11 L/min. In addition, the greatest toxicity to inhibit cell proliferation was found in the cells
which were exposed with NTP at intensity 7 and 10 pluses under air flow rate 11 L/min. In conclu-
sion, the results suggested that NTP treatment affected cell viability and cell proliferation of 3T3-L1
cell.
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1. Introduction

Plasma, the fourth state of the matter, is an ionized gas generated by the subjecting
gas into an electromagnetic field [1]. It can be classified into two types; thermal and non-
thermal plasma according to relative temperature of electrons, ions and neutrals [2]. The
non-thermal plasma (NTP) or cold plasma is generated by the ionization of carrier gases
such as helium (He), argon (Ar), nitrogen (N2), ambient air or mixture of inert gases under
high voltage of electromagnetic field. During this process, many chemical substances es-
pecially reactive oxygen species (ROS) for example superoxide (#O?), hydrogen peroxide
(H20z), hydroxyl (¢*OH), and ozone (Os) as well as reactive nitrogen species (RNS) for ex-
ample nitric oxide (NO), nitrate (NO?") and nitrite (NO%") were dominantly produced [3-
5]. These reactive molecules subsequently interacted with cell membranes and accumu-
lated in the cell to induce cellular responses [6]. Depending on utilize working gas, the
difference in working gas between argon, helium, or ambient air has been reported to
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influence the chemical active species of plasma [5, 7, 8]. The largest amounts of ROS were
produced by argon and helium plasma, whereas the highest level of RNS production was
also produced by ambient air plasma [8]. The ROS and RNS have long been known to be
key signaling molecules on physiological processes in several cell types [9, 10]. The valua-
ble aspects of reactive species were related to control cellular redox status and involved in
signaling cascade [11]. Therefore, NTP-produced reactive species have been suggested to
mediate several biological responses to inhibit microorganisms such as bacteria, fungi, and
viruses, decrease inflammation, and accelerate wound healing process [1, 12-14]. However,
the excess use of NTP causing high amounts of reactive species production affected the
transformation of some cellular biomolecules such as lipid, protein, carbohydrate, and ge-
netic materials [10, 15]. The deleterious effects of reactive species on genetic materials were
well characterized as a risk factor for mutation and cancer development [1, 15]. As a result,
these side effects of plasma technology should be monitored prior to its application in clin-
ical therapy. Moreover, the characteristics of innovative medical devices such as biocom-
patibility and biological safety need to be demonstrated before launching new products
according to the International Organization for Standardization 10993 (ISO 10993) guide-
line [16, 17]. The in vitro cytotoxicity test should be performed to determine the fitness of a
device for human use and provide safety of a new medicine device without any potentially
harmful physiological effects. Therefore, the aim of this study is to evaluate the cytotoxic
and proliferative activity of fibroblast cell lines after exposure with non-thermal plasma
(NTP).

2. Materials and Methods
2.1. Non-thermal plasma device

The NTP device in this study was supported by the Plasma and Beam Physics Re-
search Facility, Faculty of Science, Chiang Mai University, Thailand. The NTP is estab-
lished by a coaxial DC pulse-adjusted kHz forced atmospheric pressure air plasma jet at
difference flow rate (L/min). Typical ambient air as a carrier gas at temperature between
27.5+0.95°C and 61+6.0% relative humidity (RH) was passed over the coaxial gap channel
around the insulator rod by a DC air pump. The plasma jet device included a 1.2-mm-
diameter 304L powered electrode and a 9-mm-inner-diameter a grounded electrode with
a I-mm-diameter outlet nozzle. The tip of the high-voltage (HV) electrode was located 1.0
mm above the grounded electrode. The powered electrode was forced by a series of HV
pulses in a burst mode [3].

2.2. Cell lines and culture

The murine embryonic fibroblast cell lines or 3T3-L1 (ATCC® CL-173™) were kindly
obtained from Asst. Prof. Dr. Pornsiri Pitchakarn, Department of Biochemistry, Faculty of
Medicine, Chiang Mai University, Chiang Mai, Thailand. The cells were cultured in Dul-
becco's modified Eagle's medium (DMEM) (Gibco™, UK.) supplemented with 10% heat-
inactivated fetal bovine serum (Hyclone, UT, USA), 100 pg/ml of streptomycin, and 100
U/ml of penicillin (Capricorn Scientific, Germany). The cells were maintained at 37 "C in
a humidified atmosphere 95% containing 5% COsz. Prior experiment, the cells were har-
vested by trypsin-EDTA solution (Hyclone, UT, USA) and washed with steriled phos-
phate buffer saline (PBS). The cell viability was determined by Trypan blue exclusion as-
say and adjusted to a desire cell number.

2.3. Assessment of cytotoxicity effect

To investigate the cytotoxic effect of NTP on 3T3-L1 cells, the cells (2x105 cells) were
seeded on a 12-well tissue culture plate (Costar®, CA, USA) at 37 °C in a humidified at-
mosphere of 95% containing 5% CO: for 24 h. After that, the cells were directly exposed
with different dose of NTP according to previous publication [18]:



BMB conference 2021.

3 0of 8

Cell control: Cells were maintained in DMEM without NTP exposure.

Vehicle control: Cells were exposed with different flow rate of ambient air (3,
5,7,9, 11 L/min) as carrier gas without NTP generation.

Experiment group:  Cells were exposed with different NTP intensity (4, 7 and 10

pluses) with ambient air as carrier gas.

After NTP exposure, the cells were subsequently incubated at 37 °C in a humidified at-
mosphere of 95% containing 5% COz for 24 h, The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) solutions at concentration of 2 mg/ml (PanReac Appli-
Chem ITW Reagents, Germany) were then added to each well and the plate was continu-
ously incubated at 37 °C for 4 h. After incubation, the supernatants were discarded, and
dimethyl sulfoxide (DMSO) was added into each well to dissolve formazan crystal. Fi-
nally, the absorbance was measured at a wavelength of 570 and 630 nm by microplate
reader (BioTek™ Synergy™ H4 Hybrid, VT, USA). The cytotoxic effect was expressed as a
percentage of cell viability and calculated as follows:

bsorb f iment
absorbance of experiment group .

% cell viability = absorbance of cell control

2.4. Assessment of cell proliferation

To determine the effect of NTP on 3T3-L1 cell proliferation, the colony formation
assay was performed. The cells (2x10° cells) were seed on a 12-well tissue culture plate
(Costar®, CA, USA) at 37 °C in a humidified atmosphere of 95% containing 5% CO:for
24 h. After incubation, the cells were directly exposed with different dose according to
previous experiment for 30 s. The treated cells were subsequently harvested and stained
with trypan blue to evaluate cell viability. Five-hundred viable cells were transferred to a
6-well tissue culture plate and the plate were incubated at 37 °C in a humidified atmos-
phere of 95% containing 5% CO:z for 7 days. At the end of incubation, the colonies were
fixed and washed with sterilized PBS. The colonies were then stained with 0.5% w/v of
crystal violet for 20 mins. The number of colonies containing at least 50 cells were ob-
served under inverted microscopy (Olympus CK40, Japan), and the percentage of colony
formation was calculated as follows:

colony number of experiment group 100
X

o, t —
% colony formation colony number of cell control

2.5. Data analysis

Data were expressed as mean * standard deviation of three independent determina-
tions in three replicates for each experiment. The percentage of cell viability and colony
formation were compared between cell control, vehicle control, and experimental group.
The independent sample t-test was carried out to indicate a statistically significant differ-
ence with p-value <0.05.

3. Results
3.1. The suppression of cell viability by NTP

To demonstrate the cell viability of 3T3-L1 cells after treatment with NTP, the cells
were exposed with different dose of NTP for 30 s and the cell viability was done by MTT
assay. The percentage of cell viability in cell control was varied between 100+3.06 to
100+5.74. The cells exposed with ambient air as a carrier gas without NTP generation (ve-
hicle control) gave the percentage of cell viability between 98.35+4.27 to 102.48+8.01. The
percentage of cell viability was ranged between 75.61+6.98 to 97.83+3.95 for NTP-exposed
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cell ranging from 4 to 10 pluses. At each plasma intensity, the percentage of cell viability
was a significantly decrease in dose-dependent manner after exposure the cells with dif-
ferent air flow rate (Fig. 1). Moreover, the lowest cell viability considering as the most
cytotoxicity was observed in the cells exposed with NTP at intensity 10 pluses with air
flow rate 11 L/min.
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Figure 1. The percentage of cell viability on 3T3-L1 cells after exposure the cells with different air
flow and NTP intensity was determined by MTT assay. Data represent mean of three independent
experiments with three technical replicates each + standard deviation (SD). Statistical analysis was
performed by independent sample t-test with statistical significance comparing with cell control, p
<0.05 (*), p <0.001 (**), p <0.0001 (***).

3.2. The reduction of cell proliferation by NTP

To demonstrate the cell proliferation of 3T3-L1 after exposure the cells with different
intensity of N'TP, the colony formation assay was investigated. As indicated in figure 2,
cell and vehicle control had the percentage of colony formation varied from 100+1.03 to
100+8.36 and 79.65+8.90 to 106.74+4.11, respectively. However, the percentage of colony
formation in vehicle control was remarkably decreased at air flow rate 11 L/min. Similarly,
the reduction of cell proliferation in NTP-exposed cells with different air flow rate (exper-
iment group) was a dose-dependent of NTP intensity. The percentage of colony formation
in experiment group was gave at 49.14+3.72 to 98.48+3.78 and remarkably lower than cell
control. Furthermore, the most effective to decrease the colony formation was NTP inten-
sity at 7 and 10 pluses with the highest air flow rate.

Vehical control Plasma intensity 10 pluses
Cell control (Air flow 11 L/min) with air flow 11 L/min
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Figure 2. The investigation of cell proliferation after exposure the cells with NTP was determined
by colony formation assay. (a) The colony formation of NTP-exposed cells was stained with 0.5%
w/v of crystal violet and observed under light microscope (40X). (b) The percentage of a colony
formation on 3T3-L1 cells exposed with different air flow and NTP intensity was determined by
colony formation assay. Data represent mean of three independent experiments with three technical
replicates each + standard deviation (SD). Statistical analysis was performed by independent sample
t-test with statistical significance comparing with cell control, p<0.05 (*), p<0.001 (**), p<0.0001 (***).

4. Discussion

Although NTP has been previously reported to have the beneficial medical applica-
tion, the characteristic of NTP producing the high amounts of reactive substances has been
considered to lessen severe side effects. NTP mediated several biological responses such
as antimicrobial, anticancer, anti-inflammatory activity through the production of reactive
species especially ROS/RNS [1, 3]. However, high amounts of reactive species released
during plasma generation were to generate a cytotoxic effect and induce cell death
through disruption of redox status [19]. Therefore, we aimed to study the effect of NTP
generated from ambient air as carrier gas on the murine embryonic fibroblast cell lines
(3T3-L1 cells) for further clinical applications on human skin. These cell lines were sug-
gested for basic toxicity screening since they maintain all basal cellular functions and give
a more reproducible way than primary cells. According to Frohlich, 2018, the NIH/3T3
cells derived from mouse embryonal fibroblasts were recommended to use as the physio-
logically relevant fibroblast models[20]. Moreover, these cell lines were mostly used as a
skin model for evaluating the effect of various chemical on cytotoxicity, cell proliferation,
anti-inflammation, and wound healing [22-25].

Our study use showed that cell viability and cell proliferation was remarkably de-
crease in a dose-dependent manner after exposure the cells with different intensity of
NTP. The possible explanation could be explained that the high amounts of ROS/RNS
during plasma generation diffused across the cell membrane to accumulate in the cell [10,
21-23]. The cellular macromolecules (lipid, protein, and genetic material) and organelles
(mitochondrial, endoplasmic reticulum, and lysosome) were subsequently destroyed [23].
Previous publications have been demonstrated the effect of a dielectric barrier discharge
plasma (DBD) on cell membrane structure. The significant increase of malondialdehyde
(MDA) which is a by-product from lipid peroxidation of cell membrane was observed in
NTP-exposed breast epithelial cells [24]. The exposure of the keratinocyte cells with NTP
which was produced from helium-oxygen gas demonstrated the abnormal morphology
and depolarization of cell membrane. The plasma membrane integrity by the detection of
inner mitochondrial membrane potential (AYm) was obviously decreased in the human
periodontal ligament (PDL) cells exposed with NTP [25, 26]. In addition, the findings of
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cell membrane damage, cytoplasm leakage, mitochondrial, and ER swelling were ob-
served in the treatment of low-temperature argon plasma on murine fibroblast cell lines
[27]. The subsequent effect of mitochondrial membrane dysfunction also triggered the re-
lease of proapoptotic proteins into cytoplasm leading to activate cell death through apop-
tosis pathway [23, 28-30]. The apoptotic cell death through intracellular ROS production
was significantly stimulated in the incubation of fibroblast cells with argon plasma-acti-
vated medium [31]. Likewise, the previous study of Lunov et al., 2014 showed that the
percentage of apoptotic cell death was dramatically increased after exposure of fibroblast
cells with different types of plasma (air and helium). Previous result implied that this phe-
nomenon could be resulted from the production of superoxide radical during plasma gen-
eration [28]. However, other assumption for cell death induced by NTP generated from
argon gas was probably based on the failure of DNA repairing processes [15, 32, 33]. Alt-
hough some intensities of NTP showed the less cytotoxic effect on fibroblast cells, the in-
hibition of cell proliferation was observed in the numerous doses of NTP without cyto-
toxic effect. Our study found that the cell proliferation was significantly decreased in NTP-
exposed cells. NTP intensity at 7 and 10 pluses with the highest air flow rate (11 L/mins)
revealed the most effect to decrease the cell proliferation representing as the reduced num-
ber of colony formation. It was believed that the inhibition of cell proliferation resulted
from the cell cycle arrest. According to the previous studies, the cell cycle at G2/M phase
was blocked after direct treatment of human keratinocytes (HaCaT cells) with DBD
plasma and plasma jet (pure oxygen and argon as carrier gas) [34-36]. Finally, the cytotoxic
and proliferative effects of NTP generated from ambient air on fibroblast cell lines was
established in our study since the use of ambient air as carrier gas for NTP production has
less been performed as described above.

The inconsistent results between MTT and colony formation assay was probably re-
sulted from the principle of test. The lack of cell-cell and cell-matrix adhesion properties
was an important factor affecting colony formation results. The single colony of the cells
was plated on the well and observe the expansion of colony. These properties also pro-
mote the activation of clonogenicity (the single cell property to clone itself and grow into
a full colony of cloned cells) which can be observed by colony formation assay[37, 38].
However, the MTT assay is based on the detection of metabolic activity in mitochondria
which can be classified into viable and non-viable cells without the clonogenic property
since the cells were grown until almost 100% confluent on the plate. Therefore, it was
probable that clonogenic property and metabolic status of the cells are not necessarily the
parallel phenomena. The prematurely senescent cells which were metabolically active
might not establish colony.

5. Conclusions

In this work, we summarized that the reduction of cell viability and proliferation was
a dose-dependent manner after exposure murine embryonic fibroblast cell lines (3T3-L1
cells) with non-thermal plasma which was generated from ambient air.

Supplementary Materials: None.

Author Contributions: Conceptualization, W.Y., P.P., and S.K.; methodology, W.Y., P.P., and S.K,;
formal analysis, W.Y.; data curation, W.Y., P.P., and S.K.; writing —original draft preparation, W.Y.
and S.K.; writing—review and editing, W.Y., P.P,, and S.K,; visualization, S.K.; supervision, S.K,;
project administration, S.K.; funding acquisition, S.K. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding: This research was funded by Faculty of Medicine, Chiang Mai University, Thailand fund
(No. 022-2564) and Thailand MED TECH Excellence Fund (TMTE Fund) no. RDG6250068.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



BMB conference 2021. 7 of 8

Data Availability Statement: None.

Acknowledgments: We would like to express our gratitude to the following: Asst. Prof. Dr.Dheera-
wan Boonyawan , Dr. Apiwat Wijikhum and the Plasma and Beam Physics Research Facility, Fac-
ulty of Science, Chiang Mai University, Thailand for the non-thermal plasma devices support. Also,
we would like to thank Department of Forensic Medicine, Faculty of Medicine, Chiang Mai Univer-
sity and Medical Science Research Equipment Center (MSREC) for providing the scientific equip-
ment.

Conflicts of Interest: The authors declare no conflict of interest.
References

1. Haertel, B.; von Woedtke, T.; Weltmann, K. D.; Lindequist, U., Non-thermal atmospheric-pressure plasma possible applica-
tion in wound healing. Biomol Ther (Seoul) 2014, 22 (6), 477-90.

2. Matveev, L. B.; Rosocha, L. A., Guest Editorial Classification of Plasma Systems for Plasma-Assisted Combustion. I[EEE Trans
Plasma Sci 2010, 38 (12), 3257-64.
3. Thana, P.; Wijaikhum, A.; Poramapijitwat, P.; Kuensaen, C.; Meerak, J.; Ngamjarurojana, A.; Sarapirom, S.; Boonyawan, D.,

A compact pulse-modulation cold air plasma jet for the inactivation of chronic wound bacteria: development and characterization.
Heliyon 2019, 5 (9), 1-11.

4. Lotfy, K., The impact of the carrier gas composition of non-thermal atmospheric pressure plasma jet for bacteria sterilization.
AIP Adv 2020, 10 (1), 1-8.

5. Woedtke, T.; Metelmann, H.-R.; Weltmann, K.-D., Clinical Plasma Medicine: State and Perspectives of in Vivo Application of
Cold Atmospheric Plasma. Contrib Plasm Phys 2014, 54 (2), 104-117.

6. Mittler, R., ROS Are Good. Trends Plant Sci 2017, 22 (1), 11-19.

7. Joh, H. M,; Kim, S. J.; Chung, T. H.; Leem, S. H., Comparison of the characteristics of atmospheric pressure plasma jets using
different working gases and applications to plasma-cancer cell interactions. AIP Adv 2013, 3 (9), 1-13.

8. Takamatsu, T.; Uehara, K,; Sasaki, Y.; Miyahara, H.; Matsumura, Y.; Iwasawa, A.; Ito, N.; Azuma, T.; Kohno, M.; Okino, A.,
Investigation of reactive species using various gas plasmas. RSC Adv 2014, 4 (75), 39901-05.

9. Zarkovic, N., Roles and Functions of ROS and RNS in Cellular Physiology and Pathology. Cells 2020, 9 (3), 1-5.10. Di Meo,
S.; Reed, T. T.; Venditti, P.; Victor, V. M., Role of ROS and RNS Sources in Physiological and Pathological Conditions. Oxid Med Cell
Longev 2016, 2016, 1-45.

11.  Patel, R; Rinker, L.; Peng, J.; Chilian, W. M., Reactive Oxygen Species: The Good and the Bad. In Reactive Oxygen Species
(ROS) in Living Cells, Albu, C. F. a. E., Ed. IntechOpen, London, UK: Cell biology, 2018.

12.  Bernhardt, T.; Semmler, M. L.; Schafer, M.; Bekeschus, S.; Emmert, S.; Boeckmann, L., Plasma Medicine: Applications of Cold
Atmospheric Pressure Plasma in Dermatology. Oxid Med Cell Longev 2019, 2019, 1-10.

13.  Ignarro, L. J.; Buga, G. M.; Wood, K. S.; Byrns, R. E.; Chaudhuri, G., Endothelium-derived relaxing factor produced and re-
leased from artery and vein is nitric oxide. Proc Natl Acad Sci USA 1987, 84 (24), 9265-69.

14.  Ristow, M.; Schmeisser, S., Extending life span by increasing oxidative stress. Free Radic Biol Med 2011, 51 (2), 327-36.

15.  Kalghatgi, S. Mechanisms of interaction of non-thermal plasma with living cells. Drexel University, Philadelphia, PA, USA,
2010.

16.  Reeve, L.; Baldrick, P., Biocompatibility assessments for medical devices - evolving regulatory considerations. Expert Rev Med
Devices 2017, 14 (2), 161-167.

17. Williams, D. F., Regulatory biocompatibility requirements for biomaterials used in regenerative medicine. | Mater Sci Mater
Med 2015, 26 (2), 1-2.

18. Wende, K; Bekeschus, S.; Schmidt, A.; Jatsch, L.; Hasse, S.; Weltmann, K. D.; Masur, K.; von Woedtke, T., Risk assessment of
a cold argon plasma jet in respect to its mutagenicity. Mutat Res Genet Toxicol Environ Mutagen 2016, 798-799, 48-54.

19.  Conway, G. E,; Casey, A.; Milosavljevic, V.; Liu, Y.; Howe, O.; Cullen, P. J.; Curtin, J. F., Non-thermal atmospheric plasma
induces ROS-independent cell death in U373MG glioma cells and augments the cytotoxicity of temozolomide. Br | Cancer 2016, 114
(4), 435-43.

20.  Frohlich, E., Comparison of conventional and advanced in vitro models in the toxicity testing of nanoparticles. Artif Cells
Nanomed Biotechnol 2018, 46 (sup2), 1091-1107.

21.  Kim, S.].; Chung, T. H., Cold atmospheric plasma jet-generated RONS and their selective effects on normal and carcinoma
cells. Sci Rep 2016, 6, 1-14.

22.  Reuter, S.; Tresp, H.; Wende, K.; Hammer, M. U.; Winter, J.; Masur, K.; Schmidt-Bleker, A.; Weltmann, K.-D., From RONS to
ROS: Tailoring Plasma Jet Treatment of Skin Cells. IEEE Transactions on Plasma Science 2012, 40 (11), 2986-93.

23.  Alizadeh, E.; Ptasifiska, S., Recent Advances in Plasma-Based Cancer Treatments: Approaching Clinical Translation through
an Intracellular View. Biophysica 2021, 1 (1), 48-72.

24.  Kalghatgi, S.; Azizkhan-Clifford, J.; Fridman, A.; Friedman, G., DNA damage in mammalian cells by non-thermal atmos-
pheric pressure microsecond pulsed dielectric barrier discharge plasma is not mediated via lipid peroxidation. In 2010 Abstracts
IEEE International Conference on Plasma Science, Norfolk, Virginia, USA, 2010; pp 1-4.

25.  Dezest, M.; Chavatte, L.; Bourdens, M.; Quinton, D.; Camus, M.; Garrigues, L.; Descargues, P.; Arbault, S.; Burlet-Schiltz, O.;



BMB conference 2021. 8 of 8

Casteilla, L.; Clement, F.; Planat, V.; Bulteau, A. L., Mechanistic insights into the impact of Cold Atmospheric Pressure Plasma on
human epithelial cell lines. Sci Rep 2017, 7, 1-17.

26.  Virard, F.; Cousty, S.; Cambus, J. P.; Valentin, A.; Kemoun, P.; Clement, F., Cold Atmospheric Plasma Induces a Predomi-
nantly Necrotic Cell Death via the Microenvironment. PLoS One 2015, 10 (8), 1-16.

27.  Shi, X.-M.; Xu, G.-m.; Zhang, G.-J; Liu, J.-r; Wu, Y.-m.; Gao, L.-g.; Yang, Y.; Chang, Z.; Yao, C., Low-temperature Plasma
Promotes Fibroblast Proliferation in Wound Healing by ROS-activated NF-«B Signaling Pathway. Curr Med Sci 2018, 38 (1), 107-
114.

28.  Lunov, O.; Zablotskii, V.; Churpita, O.; Chanova, E.; Sykova, E.; Dejneka, A.; Kubinova, S., Cell death induced by ozone and
various non-thermal plasmas: therapeutic perspectives and limitations. Sci Rep 2014, 4, 1-11.

29.  Boehm, D.; Heslin, C.; Cullen, P. J.; Bourke, P., Cytotoxic and mutagenic potential of solutions exposed to cold atmospheric
plasma. Sci Rep 2016, 6, 1-14.

30. Moin, L; Biswas, L.; Mittal, D.; Leekha, A.; Kumari, N.; Verma, A. K., Crosstalk of ER Stress, Mitochondrial Membrane Poten-
tial and ROS Determines Cell Death Mechanisms Induced by Etoposide Loaded GelatinNanoparticles in MCF-7 Breast Cancer
Cells. J. Nanomed. Nanotechnol 2018, 9 (4), 1-13.

31.  Zhen, X, Sun, H. N,; Liu, R;; Choi, H. S;; Lee, D. S., Non-thermal Plasma-activated Medium Induces Apoptosis of Aspcl
Cells Through the ROS-dependent Autophagy Pathway. In Vivo 2020, 34 (1), 143-153.

32. Borges, H. L,; Linden, R.; Wang, J. Y., DNA damage-induced cell death: lessons from the central nervous system. Cell Res
2008, 18 (1), 17-26.

33.  Kurth, A. Untersuchungen zum Einfluss von physikalischem Plasma auf in vitro kultivierte Zellen. Diploma Thesis, Ernst-
Moritz-Arndt-University Greifswald, 2013.

34.  Blackert, S.; Haertel, B.; Wende, K.; von Woedtke, T.; Lindequist, U., Influence of non-thermal atmospheric pressure plasma
on cellular structures and processes in human keratinocytes (HaCaT). ] Dermatol Sci 2013, 70 (3), 173-81.

35. Lin, L;Wang, L; Liu, Y.; Xu, C.; Tu, Y.; Zhou, J., Nonthermal plasma inhibits tumor growth and proliferation and enhances
the sensitivity to radiation in vitro and in vivo. Oncol Rep 2018, 40 (6), 3405-15.

36. Wende, K; Strassenburg, S.; Haertel, B.; Harms, M.; Holtz, S.; Barton, A.; Masur, K.; von Woedtke, T.; Lindequist, U., Atmos-
pheric pressure plasma jet treatment evokes transient oxidative stress in HaCaT keratinocytes and influences cell physiology. Cell
Biol Int 2014, 38 (4), 412-25.

37.  Niit, M.; Hoskin, V.; Carefoot, E.; Geletu, M.; Arulanandam, R.; Elliott, B.; Raptis, L., Cell-cell and cell-matrix adhesion in
survival and metastasis: Stat3 versus Akt. Biomol Concepts 2015, 6 (5-6), 383-99.

38. Iyoda, T.; Fukai, F., Modulation of Tumor Cell Survival, Proliferation, and Differentiation by the Peptide Derived from
Tenascin-C: Implication of betal-Integrin Activation. Int | Cell Biol 2012, 2012, 1-11.



